ABSTRACT
Σ = 1 V ∂E pot ∂E = C : E − bp(1)
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It should be noted that the defined harmonic potentials are merely Taylor expansions of non-100 harmonic potentials around the equilibrium state of the system in LEM (Laubie et al. 2017b ). Thus, 
Effective Pore-Pressure Force Field Potential

107
The simplest case to consider the deformation behavior of the solid phase due to a pressure in 108 the pore space is the saturated drained situation, in which the fluid in the pore domain is assumed
109
to communicate with an outside reservoir maintained at a constant pressure p, so that in the relaxed 110 state, the same pressure will prevail in the pore domain. Such a hydrostatic drained stress state, e n ⊗ ì e n , which leads to the equality of traces:
Now, by way of analogy with logarithmic equations of state for bulk fluids (Poirier and Tarantola   121 1998), consider a logarithmic potential, U r i j = ω ln l 0 i j /r i j , and hence F j,n i = −∂U/∂r i j = 122 ω/r i j , where ω = r F n (of dimension of work) can be viewed as a fluid characteristic and should 123 be constant. r F n can be made independent of r i j (which is dependent on the orientation ì e n of the 124 bonds) by simply setting:
126 way for imposing a pressure inside a domain discretized by a regular lattice:
129 Equation (13) defines the interaction between pore and solid mass points in the form of externally 130 supplied work. This perturbation of the system's equilibrium is resolved through the theory of 131 minimum potential energy as a new equilibrium position is sought through energy minimization
132
(see (Laubie et al. 2017b) ). Lastly, it is readily recognized that ì e n ⊗ ì e n is the fabric tensor, H p ,
133
characterizing the morphology of the pore space. It can be expanded in the following way: helpful for the determination of the poroelastic constants from discrete simulations.
154
Drained Elasticity Properties in the NVT-Ensemble
155
The first quantity of interest is the drained elasticity tensor, which is obtained by letting 156 p ∼ ω = 0. In this drained situation, a regular displacement boundary condition is prescribed at 157 the boundary (∂V) of the simulation box:
where E refers to macroscopic strain tensor. Such a mechanical boundary condition is akin 
170 energy of the system around the relaxed state (r → r 0 ): system is open at a specified chemical potential µ; and (2) the overall volume is conserved with 181 E = 0; and (3) the temperature, T, is maintained constant. In this µVT-ensemble, the characteristic of the potential energy of the solid phase for the considered boundary conditions (E = 0, p); that is:
where 
where the first term on the r.h.s. of Eq. (20) is the contribution of the solid phase with inter-particle 
Hence, all what it takes to obtain the tensor of Biot coefficient is to determine, in the µVT ensemble, 206 the inter-particle forces ì F j i in the solid domain that result from the pore-pressure loading using the
207
Landau potential expression (19). N PT-ensemble is the Gibbs free energy of the solid phase, G (N s , p, T), which strictly coincides for 217 the pressure boundary condition to which the solid is subjected to the solid's potential energy:
is the Helmholtz free energy of the solid phase in the considered ensemble:
while W p = −p V s − V s 0 is the external work realized by the prescribed pressure p on the solids
) the volume change of the solid phase; that is:
Herein, . This in turn provides a 231 direct means to assess the porosity change from both Eq. (2) and (24):
ensemble (relative to the solid), the effective stress obtained from the Virial expression is zero:
where the interaction forces, ì F (18) for a pure solid phase subjected at its boundary to the regular displacement condition (16).
266
It is thus readily understood that the 2 × 13 = 26 energy parameters, 
From this parametrization it is also recognized that the three energy parameters are not independent, 288 but related by the Poisson's ratio:
290
That is, one energy parameter is required in the isotropic case, with the other ones being scaled by
291
Poisson's ratio of the solid. (31)
296
Considering rotational material symmetry around the ì e 3 −axis, there are, a priori, a total of 8 energy 297 parameters that can be used for fitting the elastic properties, which reduce (thanks to the condition
298
C 11 − C 12 = 2C 66 ) to six; namely n 1 , t 1 and n 4 , t 4 for links in the plane of symmetry ì e 1 × ì e 2
299
[ n 1 , t 1 for the 4 box-links of rest length l 0 = a 0 oriented in the ì e 1 − and ì e 2 − directions, and n 4 , t 
Continuum Micromechanics Reference Solutions
306
A cubic simulation box of size L = a 0 (n − 1), with a centric spherical pore of different pore 307 radius R corresponding to different porosities is considered:
309 where (n − 1) 3 is the total number of mass points discretizing the solid and the pore volumes, and 310 n p the number of mass points defining the pore space in a simple cubic lattice. The focus of the 311 validation examples is to compare the poroelastic properties one obtains using the discrete approach 312 with analytical expressions of microporomechanics based on the assumption of scale separability.
313
In this vein, the pore morphology herein considered is akin to a matrix-pore inclusion microtexture ∀ì z ∈ V s . In general, the average strain localization tensor for the rth phase given a matrix stiffness 327 C s , reads:
with P, the generalized Hill concentration tensor defined as (Zaoui 2002): 
expressions ( 
Validation Results
359
Cubic simulation boxes of different lengths L={50,70,90}, with a 0 = 1, were considered with a 360 spherical pore centered inside. The pore radius, R, was gradually increased, with a maximum pore 
where U (N PT) is the free energy of the solid links in the N PT ensemble, while the effective elasticity 
410
DISCUSSIONS
411
The idealized structures considered in this study represent a microtexture best captured by 
429
To explore this further, two quantities, δ iso. and δ ti. are defined to capture any deviations from the 430 imposed elastic solid symmetry for the isotropic and transversely isotropic cases; that is, for the 431 isotropic case:
433
and for the transversely isotropic case:
Using the elasticity constants C i j obtained from the simulations, Figs. 2g and 2h plot δ iso. and δ ti. 
447
The same deviation is observed for highly disordered systems (Laubie et al. 2017a ) but attributed
448
to the high stress concentrations between pore walls. In this vein, the probability density function 
